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INTRODUCTION
A re sea rc h  program in  human le a rn in g  r e c e n t ly  begun by Noble 
(N oble, 1954) i s  a ttem p tin g  t o  extend H u l l 's  S-R re in fo rcem en t th eo ry  
(H u ll, 1952) from th e  s p e c ia l  case o f  tw o-cho ice  sim ple t r i a l - a n d -  
e r ro r  le a rn in g  to  the g en e ra l case o f m u ltip le -c h o ic e  compound t r i a l -  
a n d -e rro r  lea rn in g °  On the. b a s is  of H u l l 's  assum ptions, th e  fo llow ing  
r a t io n a l  eq u a tio n  was proposed (Noble, 1957c) t o  d e sc rib e  th e  a c q u is i­
t io n  curves? M
Rp s  a ( i K W [1-]
where R^ s  p ro b a b il i ty  o f  c o r re c t choice based on the  pooled  responses 
o f a group of S sj a s  asym ptote or l im i t  o f Rgj i  = i n i t i a l  p ro b a b il i ty  
a t  th e  o u ts e t  o f le a rn in g  (g iven  by th e  r e c ip ro c a l  o f  th e  number of 
a v a i la b le ,  independent and m u tu a lly -ex c lu s iv e  re s p o n se s ) | r  = r a te  
param eter ( th e o r e t i c a l ly  r e la te d  to  stim u lus c o n d itio n s , ta s k  f a c to r s ,  
work d i s t r ib u t io n ,  reward co n tin g e n c ie s , and in d iv id u a l  d if f e re n c e s ) j  
and where N -  number of p ra c t ic e  t r i a l s .
P revious experim ents have in v e s t ig a te d  th e  g e n e ra l i ty  o f th e  equa­
t io n  under v a r ia t io n s  o f  response a v a i l a b i l i t y  (Noble, 1955, 1957a), 
ta s k  le n g th  (Noble, 1957b), locus o f rew ard (C. E„ Noble & J .  L. Noble, 
195S), d e lay  o f  reward (Noble & Alcock, 1958), reward schedule (Taylor 
& Noble, i 960) ,  s p e c i f ic i ty  of in s t ru c t io n s  (Noble, A lcock, & F a rese , 
1958), type o f choice procedure (C« E, Noble, A lcock, & J .-L ; Noble, 
1958), in d iv id u a l  d if fe re n c e s  (C. E. Noble, J ,  L. Noble, & Alcock, 
1958), and work d i s t r ib u t io n  (Noble & T ay lo r, 1959)* The percen tage
_ 1_
o f v a r ia n ce  in  accounted f o r  by E quation  1 in  th ese  s tu d ie s  has 
ranged in  24 independent samples from 91*8$ to  99•9% w ith  th e  h ig h e r 
v a lu es  predom inating (mean -  98*7$)*
The p re se n t experim ent i s  a more s t r in g e n t  t e s t  of th e  a p p lic a ­
b i l i t y  o f E quation  1 in  which t h e  l im i t  o f  a c q u is i t io n  (a )  was v a r ie d  
fo r  d i f f e r e n t  g ro u p s, a l l  o th er v a r ia b le s  b e in g  kep t constan t.. V arious 
asym pto tic  r e s t r i c t io n s  were in tro d u ced  by m an ipu la ting  th e  p ercen tag e  
o f re in fo rc e a b le  resp o n ses a v a ila b le  t o  Ss in  a s tan d ard  1 0 -lin k  
problem.. The e m p iric a l q u e s tio n , i n  o th e r words, was to  determ ine 
th e  in f lu e n c e  o f d i f f e r e n t  "degrees o f s o lu b i l i t y "  on th e  b a s ic  form 
o f human t r i a l - a n d - e r r o r  a c q u is i t io n  curves*
Most of th e  e a r l i e r  in v e s t ig a t io n s  d isco v ered  a high d eg ree  of 
p r e d ic t a b i l i t y  f o r  E quation 1 when i  was v a r ie d  and a held  c o n s ta n t. 
This experim ent-w as designed  t o  a s se ss  th e  p r e d ic t a b i l i t y  o f  th e  f o r ­
mula under e x a c tly  th e  o p p o s ite  c o n d itio n s . Our e x p e c ta tio n  was t h a t  
E quation  1 would con tinue to  p re d ic t  human behav ior w ith  app rox im ate ly  
th e  same accu racy  as b e fo re , and t h a t  r  would be some fu n c tio n  o f a .
Due to  th e  n a tu re  of th e  e q u a tio n , i t  was a lso  deduced th a t  i n i t i a l  
p ro f ic ie n c y  would v a ry  d i r e c t ly  w ith  th e s e  asym ptotic r e s t r i c t i o n s .
Method
A pparatus. The S e le c tiv e  M athometer, d esc rib ed  in  d e t a i l  e l s e ­
where (Noble & F arese , 1955)» i s  shown in  F ig . 1* I t  i s  an au tom atic 
19-key  pushbutton  d ev ice , designed  fo r  th e  s tu d y  o f complex le a rn in g  
in  human S s. Pacing s t im u li  a re  p re sen ted  s e r i a l l y  by an e le c tro n ­
ic a l ly - c o n t r o l le d  s l id e  p ro je c to r ,  to  which S responds by s e le c t in g  
keys on a s e m ic irc u la r  p an e l. The s l id e s  c o n s is te d  o f an in v a r ia n t
-3-
sequence o f 10 e l e c t r i c a l  c i r c u i t  sym bols, and th e  c o r r e c t  s o lu t io n  
f o r  a l l  Ss was to  p re s s  t h e  odd-numbered keys in  th e  o rd e rs  3 ,  13 ,
17> 9 , 19 s 5* 1» H> 7 , 15» Scores were recorded  by polygraph and 
c o u n te rs - Tin® c o n s ta n ts  f o r  s tim u lus d u ra tio n  ( 2 - s e e . )» i n t r a s e r i a l  
i n t e r v a l  ( 1 .7 5 - s e c . ) ,  i n t e r s e r i a l  in te r v a l  (7»50-s e c . ) ,  re w a rd 'd e la y  
( 0 - s e c . ) and reward d u ra tio n  ( .7 5 - s e c . ) were th e  same as in  most 
p rev io u s  experim ent s .  A ll d a ta  were c o l le c te d  in  an a ir -c o n d it io n e d  
la b o ra to ry ,  shown in  F ig . 2% E and S were i s o la te d  in  a d jo in in g  
so u n d -tre a te d  chambers connected by a one-way v is io n  m irro r  and an 
in te r-c o m  system .
S u b je c ts . The t o t a l  o f  220 Ss sampled were s tu d e n ts  e n ro lle d  a t  
Montana S ta te  U n iv e rs ity  d u rin g  th e  s p r in g  an i summer q u a r te r s  o f  1959* 
o f whom 70 were r e je c te d  due to  machine f a i l u r e ,  E e r r o r ,  S e r r o r ,  and
f
f o r  th e  purpose o f sub-group b a lan c in g . The d i s t r i b u t io n  of r e je c t io n s  
were as fo llo w s  %
Groups
Reason fo r  
R ejection 10 9 8 6 4
Machine
fa i lu r e 8 4 12 13 4
E error 1 2 3 2
S error  
Sub-group
2 1
b a lan c in g  7 2 6 3
The rem ain ing  150 Ss were composed of 74 men and 76 women, whose ages
-4-
ranged  from 1? to  59 y ea rs  (mean s  25-18 y r . ) .  None had p rev io u s 
ex p e rien ce  w ith  th e  M athometer. A ll re c e iv e d  s tan d a rd  in s t r u c t io n s  
(Nobles, Alcocks & F a re se , 1958 , p. 255) which emphasized ac cu racy , 
qu ick  re sp o n d in g , and th e  dependency o f th e  green l i g h t  on c o r re c t  
ch o ice s . The n a tu re  o f  t h e  ap p a ra tu s  and th e  in s t r u c t io n s  was such 
th a t  Ss re c e iv e d  no in d ic a t io n  o f  d i f f e r e n t i a l  trea tm en t i n  th e  v a r io u s  
c o n d itio n s .
P ro ced u re , The Ss were d iv id ed  in to  f iv e  ex p e rim en ta l groups o f 
30 each , and a ss ig n ed  t o  th e  d i f f e r e n t  c o n d itio n s  by a sim ple fo rw ard - 
re v e rse  co u n te rb a lan c in g  p la n . The tre a tm e n ts  d if f e re d  in  th e  f a c t  
t h a t  t h e  number o f  re in fo rc e a b le  keys v a r ie d  from 4 to  10. The r e f ­
erence o r c o n tro l  goup (Group 10) p ra c t ic e d  under s tan d a rd  co n d itio n s  
where 10 keys were a v a ila b le  and a l l  re w a rd a b le , t  hus making i t  p o s s i­
b le  f o r  Ss in  t h i s  group t o  f in d  th e  a p p ro p r ia te  key f o r  each s tim u lu s . 
Group 10 th u s  worked on a so lu b le  problem , where a -  1 .0 0 . Group 9 
was p re sen ted  w ith  th e  same s t im u li  and had th e  same keys a v a ila b le  
as  Group 10 , but one of t h e  keys was n o n -re in fo rc e a b le | i . e .  one key 
always f a i l e d  t o  produce reward o r  feed b ack , making i t  p o s s ib le  f o r  
Ss in  t h i s  group to  f in d  an a p p ro p ria te  key  fo r  o n ly  9 o f th e  10 s tim ­
u l i .  Group 9 th e re fo re  worked on an in s o lu b le  problem , where a  = .9 0 . 
For Group 8 th e  s i tu a t io n  was t h e  same a s  above excep t th a t  two keys 
were n o n -re in fo rc e a b le ; hence a -  ,8 0 . Group 6 had f o u r  keys non- 
r e in f o r c e a b le , g iv in g  a = .6 0 . F in a l ly ,  Group 4 p ra c t ic e d  w ith  s i x  
n o n -re in fo rc e a b le  k ey s, so a s  . 40.
The f o u r  groups whose asym pto tic  v a lu e s  were l e s s  th a n  1 .0 0  were 
f u r th e r  su b -d iv id ed  in to  t h r e e  equal subgroups (n s  10) which were d i f -
f e r e n t i a t e d  from  each o th e r  by th e  p a t te r n  of n o n -re in fo rc e a b le  key s. 
In  a l l  ca ses  th e  keys were e lim in a ted  by random s e le c t io n  as shown 
belcw s
i
Keys E lim in a ted
G roups' Subgroup 1 • Subgroup 2 Subgroup 3
9 9 17 3
8 9 ,5  9 ,15  1,7
6 3 ,1 3 ,1 7 ,9  3 ,1 3 ,9 ,1 5  3 ,9 ,1 1 ,1 5
4 3 ,1 9 ,1 ,1 1 ,7 ,1 5  9 ,1 9 ,5 ,1 ,1 1 ,1 5  3 ,1 3 ,9 ,5 ,1 1 ,1 5
A n o n -c o rre c tio n  procedure (C. E. Noble, A lcock, & J .  L< Noble, 1958) 
was used  th ro u g h o u t, w ith  S b e in g  allow ed o n ly  one cho ice  fo r  each s l id e .  
A ll Ss were in s t r u c te d  t o  use  th e  f  csrefinger of th e  p re fe r r e d  hand o n ly , 
to  r e tu r n  th e  hand to  th e  f ix a t io n  p la te  a f t e r  each re sp o n se , and no t 
to  p re s s  any b u tto n s  d u rin g  th e  in te r - s t im u lu s  i n t e r v a l .  Each S p rac ­
t i c e d  fo r  50 t r i a l s  o r  m as te ry , w hichever came f i r s t ,  th e  l a t t e r  being  
d e f in e d  as f iv e  su cc e ss iv e  t r i a l s  w ith o u t e r r o r , a c r i t e r i o n  which had 
been e s ta b l is h e d  in  a p rev io u s stu d y  (N oble, 195 ?h )“
R e su lts  and D iscussion  
The a c q u is i t io n  curves a re  p re sen ted  in  F ig . 3 , where th e  p roba­
b i l i t i e s  of c o r r e c t  ( r e in fo rc e a b le )  responses (Rg) a re  p lo t te d  as a 
fu n c tio n  o f  t r i a l s  (N) fo r  th e  f iv e  v a lu es  o f th e  asym ptote p a ram ete r, 
a .  I t  should be emphasized th a t  each curve co n ta in s  r e l a t i v e  frequency  
m easurem ents o f  on ly  th o se  a c ts  which are  both c o r re c t  (R+) and rew ard - 
a b le  (G ), and th a t  t h e  denom inator (number o f p o ss ib le  re sp o n se s) f o r
■6-
eaeh t r i a l  sco re  i s  10. As p re d ic te d  from  th e o r e t ic a l  c o n s id e ra tio n s  
(H u ll8 1952| Noble, 1 9 5 ?c )s a l l  f iv e  cu rv es  a re  asym m etrical and s ig ­
moidal* M oreover, th e y  a re  in  e x c e lle n t agreement w ith  E quation  1 .
The b e s t= f i t t in g  t h e o r e t i c a l  e q u a tio n s , ob ta in ed  by m inim izing th e  sums 
o f th e  sq u ares  o f th e  r e s id u a ls  to  d eterm ine th e  r a te  param eter r ,
a re  as fo llo w s?
Group 10 s Rp = 1 .0 0  ( .1 0 )* 9l6M [2]
Group 9? Rp .  .9 0  ( . lG ) - 922® C3J
Group 8 s Rp - .8 0  (.TO)*922* C4]
Group 6 s Rp = .6 0  ( .1 0 )* 913M [53
Group 4? Rp s  .4 0  (.lO)”902^ [63
The com putational p rocedure  fo r  f in d in g  r  has been f u l l y  d e sc rib ed  
elsew here (N oble, 1957b)* A p re lim in a ry  e s tim a te  o f th e  i n f l e c t i o n  
p o in t  o f t h e  curve (Nj_) was made by d ropping  a p e rp e n d ic u la r  from a 
p o in t  on th e  o rd in a te  eq u a l t o  th e  r a t i o  a /e  (where £  s  2 . 718) to  th e  
a b s c is s a .  This approxim ate v a lu e  i s  th e n  s u b s t i tu te d  in  th e  fo rm u la ,
logg r  s  ~ loge ( - lo g e i )  [7 ]______
i a  o b ta in  an e s tim a te  o f r .  The ex ac t v a lu e  o f r  i s  secured  when th e  
q u a n t i ty  Z (l«  -  R_ )2 re ach e s  a minimum. In  a l l  p rev io u s  s tu d ie s ,  th e  
o rd in a te  a t  which a c c e le r a t io n  of th e  R^ curve passed  t o  zero  was a 
co n stan t?  nam ely, .368 ~ l / e ^  th e  re c ip ro c a l  of th e  base o f th e  n a tu ra l  
system  o f lo g a r ith m s . A s a l i e n t  f e a tu r e  o f th e  p re se n t experim ent i s  
th e  dem o n stra tio n  .th a t t h i s  in te r e s t in g  p ro p e rty  of E quation  1 i s  m erely  
th e  s p e c ia l  case o f a so lu b le  problem  where th e  asym pto tic  v a lu e  i s  
leOOo In  th e  g en e ra l case o f problems ran g in g  in 'd e g re e  o f s o l u b i l i t y
( p r o b a b i l i ty  of m aste ry  -  a )  from zero  to  u n i ty ,  th e  i n f l e c t io n  p o in t 
should  occur a t  a /e .  E m p irica l co n firm a tio n  of t h i s  p re d ic t io n  can 
be seen i n  F ig . 3»
C o e ff ic ie n ts  o f d e te rm in a tio n  f o r  E quations 2 th ro u g h -6 were 
computed d i r e c t ly  from  th e  v a r ia n c e s  of th e  r e s id u a ls  and th e  Eg v a lu e s , 
a s  recommended by Noble (N oble, 1957b). P r e d i c t a b i l i t y  i s  over 99$ 
in  every  case . As a t e s t  of our h y p o th es is  t h a t  r  would be a fu n c tio n  
o f a ,  th e  r a te  p aram eter o f b e s t  f i t  fo r  Group 1G i s  compared w ith  
each o f  th e  o th e rs  i n  Table 1 . Judging by th e  r e l a t i v e l y  g re a te r  
amounts .of v a r ia n c e  in  Rg sco res  accounted fo r  by E q u atio n s 3 , 4 , 5, 
and 6 when t h e i r  le a s t - s q u a re s  r  v a lu e s  a re  employed r a th e r  th a n  an 
r  o f .9 1 6 , i t  i s  c le a r  t h a t  th e  r a te s  of change are  s y s te m a tic a l ly ,  
a lthough  no t m o n o to n ica lly , a f fe c te d  by m an ip u la tio n  o f  th e  asym pto tes.
Zero a c c e le ra t io n s  occur a t  t h e  fo llow ing  t r i a l s  (N i) f o r  th e  
f iv e  f i t t e d  a c q u is i t io n  c u rv e s ; Group 10s 9 ° 5 | Group 9? 1 0 .2 7 | Group 
Ss 10.275 Group 6s 9 .1 ,  Group 4? 7*58. Exam ination o f  th e  em p irica l 
p o in ts  i n  F ig . 3 in d ic a te s  t h a t  th e  Rg v a lu es  fo r  Group 10 d ev ia te d  
m arkedly from  i t s  t h e o r e t i c a l  curve. A z t e s t  o f  p ro p o r tio n s  taken  
a t  th e  p o in t  o f maximal d e v ia t io n  (T r ia l  5) in d ic a te s  th a t  a d e v ia tio n  
(Rp -  iCp) t h i s  la rg e  or l a r g e r  would occur 38.98$ o f  th e  tim e  by chance.jr., r,yr*T.
The T r ia l  5 d isc re p a n c y , th e r e f o r e ,  i s  no t s i g n i f i c a n t .
As a f u r th e r  t e s t  o f  th e  d i f f e r e n t i a l - r a t e  h y p o th e s is , a 10x5 mixed- 
f a c t o r i a l  a n a ly s is  o f  v a r ia n c e  was perform ed on th e  R+ s c o re s ,  a rran g ­
ed in  10 b lo ck s o f f i v e  t r i a l s  (N) fo r  th e  f iv e  ex p e rim en ta l groups 
( a ) .  The summary i s  shown in  Table 2 . Main e f f e c t s  o f N and a and 
t h e i r  in te r a c t io n  a re  a l l  s i g n i f i c a n t .  As s t a t i s t i c a l  ev idence of
n o n -p a ra l le l  t r e n d s ,  th e  N x  a in te r a c t io n  su p p o rts  our e x p e c ta tio n  
t h a t  r  would v a ry  as a fu n c tio n  o f  a .
I t  i s  o f some i n t e r e s t  t o  e v a lu a te  th e  e f f e c ts  o f  d eg ree  o f so lu ­
b i l i t y  on th e  d i f f i c u l t y  (N oble, 1957b) o f a c q u ir in g  comparable amounts 
of '‘knowledge*1 (number o f  R + 's )  about th e  ta s k  o r  problem . To t h i s  
end a ' t r i a l s - t o - c r i t e r i o n  a n a ly s is  was made o f t h e  f i v e  groups in  
which th e  c r i t e r i o n  was d e fin ed  as th a t  t r i a l  on which th e  same fo u r  
c o r re c t  and rewarded re sp o n ses  w ere made f o r  th e  f i f t h  t r i a l  in  suc­
c e s s io n . F igure 4 shows th e  median number of t r i a l s  re q u ire d  to  reach, 
t h i s  c r i t e r io n  (Rfj) as a fu n c tio n  o f th e  p ercen tag e  of re in fo rc e a b le  
re sp o n se s  (100a). The r e la t io n s h ip  i s  an in v e rse  p ro p o r t io n a l i ty  
whose b e s t - f i t t i n g ,  le a s t - s q u a re s  eq u a tio n  i s  Y -  -.1?6X  + 35«924« 
C a lcu la tio n  o f  th e  c o e f f ic ie n t  o f  d e te rm in a tio n  in d ic a te s  t h a t  96% 
o f th e  v a r ia n c e  i n  Y i s  a t t r ib u ta b le  t o  X. From t h i s  we conclude 
th a t  d i f f i c u l t y  i s  a n e g a tiv e  l i n e a r  fu n c tio n  o f in c re a s in g  s o lu b i l ­
i t y  over t h e  p re sen t range.
F u rth e r  exam ination  o f F ig . 3 in d ic a te s  t h a t  th e  i n i t i a l  p r o f i ­
c ien c y  (Rg on T r ia l  l )  o f th e  d i f f e r e n t  groups v a r ie s  d i r e c t l y  w ith  
the asy m p to tic  r e s t r i c t i o n s .  By re fe re n c e  t o  E quations 2 th rough  6 
i t  i s  e v id en t th a t  th e  th e o r e t ic a l  o r ig in  o f each g ro u p 's  curve 
(Rp on T r ia l  0 )  i s  g iv en  by th e  product o f  a and i .  .This im portan t 
c h a r a c te r i s t i c  o f  E quation  1 may be r a t io n a l iz e d  by  app ly ing  th e  
m u l t ip l ic a t io n  theorem  o f  th e  p ro b a b i l i ty  c a lc u lu s ,  as fo llo w s . When 
10 keys a re  a v a i la b le ,  th e  p ro b a b il i ty  o f  g e t t in g  an R+ by chance 
a lo n e  (no t co n sid erin g  rew ard c o n tin g e n c ie s )  i s  .1 0  (= i ) .  When the  
number of re in fo rc e a b le  re sp o n ses  i s  r e s t r i c t e d ,  however, we are
dea lin g  w ith  th e  combined p r o b a b i l i ty  o f  independent e v e n ts ,  each l e s s  
than  unity* For t h i s  r e a s o n „ we must c a lc u la te  the  j o i n t  p r o b a b i l i t y  
t h a t  a p a r t i c u l a r  key w i l l  be s e le c te d  (R+) and th a t  t h i s  response  w il l  
be fo llow ed by re in fo rcem ent (G). In  a b s t r a c t  terms? pQjj+flG) = 
p(R+)op(G)o In  th e  case o f  Group U, fo r  example, p(R+) r  i  r  »10 
and p(G) a ~ <>40" hence R,,, on T r i a l  0 s a a 1 « *04* The jo in t  
p r o b a b i l i t i e s  of t h e  o th e r  groups a re  computed in  s im i l a r  fashion* Thus 
I s  the r a t io n a le  of Equation 1 d i r e c t l y  c o o rd in a ted  w ith  the  r e l a t i v e  
frequency th e o ry  of p ro b a b i l i ty *
In  co n c lus ion , i t  appears from th e se  r e s u l t s  t h a t  Equation 1 has 
again  proved i t s e l f  to  be an ex ce llen t  p r e d ic to r  of human a c q u is i t io n  
d a ta  in  complex l e a r n in g  s itu a t io n s . The v e r s a t i l i t y  of the equation  
i s  in d ic a te d  not only by i t s  a b i l i t y  to  describe the  em p ir ic a l  r e s u lt s  
w ith  an e r r o r  of l e s s  than 1%. but a l so  by t h e  e x te n t  to  which i t  lends  
i t s e l f  to  sy s tem atic  fo rm u la tion  In p r o b a b i l i ty  te rm s.
Summary
This experiment in v e s t ig a te d  t h e  e f f e c t s  of asym ptotic  r e s t r i c t i o n s  
on the forms of a c q u is it io n  curves in  a complex t r i a l - -and-error l e a r n in g  
problem in  man* One hundred f i f t y  co lleg e  s tu d e n t s ,  divided I n to  f i v e  
experim ental groups c f  30 Ss each, p r a c t ic e d  a s e r i e s  o f  10 pushbutton  
responses  on th e  S e le c t iv e  Mathometer f o r  50 t r i a l s *  The experim ental 
v a r ia b le  c o n s is te d  of m anipu la ting  t h e  number of r e in fo r c e a b le  keys in  
th e  v a r io u s  groups to  produce i±0%, 60%, 80%, 90%, and 100% l im its  on th e  
a t t a in a b le  l e v e l s  of mastery*
The re sp o n se  p r o b a b i l i t y  (Rp) curves were asymm etrical and sigm oidal 
when p lo t te d  as a fu n c t io n  of amount of p r a c t i c e  (N)* Each group's
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curve o r ig in a ted  a t a h y p o th etica l FL, value given  by the combined prob­
a b i l i t y  o f making a correct choice ( i )  and of rece iv in g  reinforcem ent
N
( a ) .  N oble's r a tio n a l equation Rp = a ( i ) r accounted f o r  over 99$ © f 
the variance in  the dependent v ar iab le  scores <^> in  a l l  f iv e  in s ta n ce s .  
The ra te  parameters ( r )  were system atica lly !, although not m on oton ica lly9 
a ffe c te d  by v a r ia tio n  o f th e asym ptotes. I t  was shown th a t in  general 
th e in f le c t io n  p o in ts  o f th e  th e o r e t ic a l  curves occurred a t ordinate  
va lu es o f a / e 9 where e = 2. 718.
An a n a ly s is  of th e  in flu e n c e  of degree of s o lu b i l i t y  on d i f f i c u l t y  
agreed w ith  th e  e f f e c t s  o f  asym ptotic r e s tr ic t io n s  on i n i t i a l  p r o f i­
c ien cy . By measuring th e  median t r i a l s  required t o  master four cor­
r e c t  responses in  a l l  gro u p s , i t  was found th a t  d i f f i c u l t y  was an 
in v erse  l in e a r  fu n c tio n  o f  s o lu b i l i t y .
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APPENDIX-
An in fo rm a l in te rv ie w  was h e ld  w ith  50 o f  th e  Ss fo llo w in g  th e  
p r a c t i c e  se s s io n  on th e  M athom eter. The o b je c t  o f th e  in te rv ie w  was 
to  g a in  some u n d ers ta n d in g  o f  t h e  problem  as seen by S. Q uestion ing  
d e a l t  w ith  S 's  approach t o  th e  s o lu t io n ,  what S though t he was doing 
w h ile  t r y in g  to  f in d  th e  s o lu t io n ,  and i f  S d id  n o t f in d  th e  s o lu t io n ,  
how he accoun ted  f o r  h i s  f a i l u r e .
I n i t i a l  "random" s e le c t io n  was re p o r te d  by 80$ o f  th e  S s, w hile  
20% re p o r te d  t h a t  th e y  s t a r t e d  w ith  some system . Of th e  80% r e p o r t ­
in g  i n i t i a l  random s e le c t io n ,  40$ re p o rte d  t h a t  th e y  developed  a 
system  w ith in  10 t r i a l s .  Of th o se  s ta r t in g  w ith  a system  and th o se  
develop ing  a system , 77$ used  th e  same sy stem , t h a t  o f p re s s in g  a 
b u tto n  co n tin u o u s ly  th ro u g h  a t r i a l  u n t i l  th e y  re c e iv e d  a g reen  
l i g h t ,  th e n  p re s s in g  th e  nex t, b u tto n  u n t i l  th e y  re ce iv ed  a green 
l i g h t , remembering to  p re s s  th e  c o r re c t  b u tto n  f o r  th e  f i r s t  green 
l i g h t , e t c .  I t  was observed  t h a t  in  th e  m a jo r ity  o f  in s ta n c e s  o f 
t h i s  b e h a v io r , G cou ld  do t h i s  s u c c e s s f u l ly  u n t i l  app rox im ate ly  4 
s o lu t io n s  had been fo u n d , a f t e r  which c o n s id e ra b le  tem porary  " lo s s "  
o f  c o r re c t  re sp o n se s  o cc u rre d . No o th e r system  was used by more 
th a n  one S.
Q u estio n in g  re v e a le d  t h a t  30$ were c o n sc io u s ly  aware t h a t  th e y  
were a ttem p tin g  to  a s s o c ia te  b u tto n s  and symbols th rough  m em orization . 
The b a lan ce  were u n ab le  to  d e s c r ib e  how th e y  le a rn e d  to  s o lv e  th e  
problem .
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In  th o se  groups w here s o lu t io n  was im p o ss ib le , 60$ f e l t  t h a t  
g iven  s u f f i c i e n t  tim e , th e y  could  have so lv ed  th e  p rob lem , w h ile  l+Q% 
f e l t  t h a t  som ething was wrong w ith  th e  m achine. F r u s t r a t io n  and 
anger in s p i r e d  by th e  t a s k  were acknowledged by 80$ o f  th e  sam ple, 
th e  balance denying t h a t  th e y  had had any em o tio n a l r e a c t io n .  In  
th e  l a t t e r  case  i t  was su sp ec te d  by E t h a t  t h i s  was l a r g e ly  a d efen se  
mechanism s in c e  in  most in s ta n c e s  ample ev id en ce  of i r r i t a t i o n  had 
been observed  in  th e  f  orm o f fro w n s , b i t in g  o f  l i p s , b e a tin g  on th e  
resp o n se  p a n e l,  and e x c ess iv e  v ig o r  o f  b u tto n  p re s s in g .
In  g e n e ra l th e  most ap p a ren t b eh av io r c h a r a c te r i s t i c  n o ted  by E 
d u rin g  q u e s t io n in g  was t h e  unaw areness o f th e  means by which le a rn in g  
to o k  p la c e .  E f e l t  t h a t  many o f  th e  answ ers on which th e  p reced in g  
ta b u la t io n  was based were p u re ly  p o s t hoc r a t i o n a l i z a t io n s  by S.
.  1 . F lo o r  p lan  o f th e  S e le c t iv e  
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F ig - 2 . The S e le c t iv e  Mathometer

F ig . 3* Compound t r i a l - a n d - e r r o r  le a rn in g  (R_) 
as  a fu n c tio n  o f p r a c t i c e  (N) w ith  d i f f e r e n t  
asym pto tes ( a )  as th e  p a ram e te r. The o r ig in s  
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F ig . 4 . D i f f ic u l ty  in  le a rn in g  f o u r  c h o ic e s  (RJj) as 
a fu n c tio n  o f degree o f  s o l u b i l i t y  (100 a )  o f th e  
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P E R C E N T  R E I N F O R C E A B L F  R E S P O N S E S  ( l O O - o )
Table 1
R ate P aram eter o f Group 10 Compared w ith  th e  R ate Param eters
o f  B est F i t  f o r  th e  O ther E xperim en ta l Groups
Group r G oodness-of f i t  In d ex  {%) r  = .916
1© .916 99.06 -
9 .922 99.57 98.59
8 .922 99.41 98 .58
6 .913 99.31 98.46
4 .902 99.15 95.17
Table 2
A n aly sis  o f  V ariance of C o rrec t Responses (S+) 
During S u ccessiv e  5 -T r ia l  B locks fo r  th e  
V arious E xperim en ta l Groups
Source d f  - Mean Square F
Between Ss 149
Asymptote (a ) 4 18008.34 80.36*
E rro r  (b ) 145 224-10
W ith in  Ss 1350
T r ia l  B locks (M) 9 15466.55 92 .90*
I n te r a c t io n  (Ix a ) 36 296.34 1-78*
E r r o r •(w) 1305 166.48
T o ta l 1499
*£< .01
